4                     CHEMICAL ANALYSTS OF METALS

The second group includes the elements copper, chromium,
iron, nickel, molybdenum, tungsten and vanadium. Except
iron, these elements do not occur to an appreciable extent in most
samples of iron and steel but they are important constituents of
some special or so-called alloy steels and it is important that
every chemist should know how to detect them qualitatively and
to determine them quantitatively. When the iron content of
the metal is less than about 98 per cent, it is best to determine the
quantity by careful chemical analysis as it is not always safe to
assume that it can be determined " by difference." The chemical
properties of the first four members of this group, also arranged
in alphabetical sequence, are known to every chemist. The
properties of the last three elements are not so well known because
they arc not always discussed fully in courses of chemical instruc-
tion given at our colleges and technical schools. They play an
important part in modern "high-speed" steels so that they can
no longer be regarded as rare elements.

The third group includes aluminium, arsenic, cobalt, titanium
nitrogen and oxygen. These elements are likely to occur in iron
and steel and many authorities feel that they influence the
properties of the metal to a marked degree. The quantities
present are usually small and there is often considerable difficulty
in making the analysis with satisfactory accuracy. It is known,
for example, that the presence of oxides is likely to cause the
development of flaws in steel but it is usually easier to detect
oxide inclusions by microscopic examination than by chemical
analysis. The average oxygen content of the metal may be low
but at one particular place there may be enough slag to cause
trouble.

The methods to be described for the analysis of iron and stc-el
will be discussed according to the above grouping. In most
cases a number of methods will be given, all of which have
proved capable of yielding accurate results. Next, will follow
a chapter on electrometric methods for analyzing steel. These
methods are grouped separately partly because special equipment
and different technique are required and partly because it is
too soon to predict to what extent they will replace the
better known methods of quantitative analysis. Finally, a
chapter will be added describing methods of analysis of important